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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AN INVESTIGATION AT MACH NUMBERS OF 1.40 AND 1.59 OF
THE EFFECTS OF ATIERON PROFILE ON THE «AERODYNAMIC
CHARACTERISTICS OF A COMPLIETE MODEL OF A
SUPERSONIC AIRCRAFT CONFIGURATION

By M. Leroy Spearmen and Robert A. Webster
SUMMARY

An investigation has been conducted in the Langley 4- by 4-foot
supersonic tumnel at Mach numbers of 1.40 and 1.59 to determine the
effect of aileron profile on the dgerodynamic characteristics of & complete
model of a supersonic &aircraft configuration. The model had a 40° swept-
back tapered wing with lO-percent-thick circular-arc sections normal to
the quarter-chord line. The allerons were 20-percent chord and were
located on the outboard 50 percent of the wing semispans. The various
allerons investigated included the basic circuler~arc profile and three
flat~sided allerons having ratlios of trailing-edge thickness to hinge-
line thickness t of 0, 0.5, and 1.0.

Low alleron effectiveness was obtained with the clrcular-arc and
t = 0 profiles. Increasing the tralling-edge thickness (t = 0.5
and 1.0) resulted in increased effectiveness as. well as increased hinge
moments with only a slight increase. in drag.

The aileron 1ift effectiveness C was 1n reasonably good agreement
with theory although the varlations of rolling- and hinge-moment, coeffi-
clent with alleron deflection, C3;5 and Cpg, were, in general, somewhat

less than that predicted by theory. The variation of Ciys Chgs
and CL8 with trailing-edge angle for the various alleron profiles

agreed well with the theoretical results.



2 '  CemrTIENTIAY  NACA RM 150J31
INTRODUC TION

An extensive investigation has been conducted by the National
Advisory Committee for Aeronautics to determine the characteristics of
various lateral-control devices on & wing having 40° of sweepback at the
quarter-chord line, aspect ratio L4, taper ratio 0.5, and symmetrical
10-percent-thick circular -arc sections in & plane normal to the quarter-
chord line.

Rocket model tests of such a wing equipped with 20-percent-chord,
50-percent-span outboard, true-contour (circular-arc) ailerons indicated
roll reversal for small ailleron deflectlons in the transonic-speed range
(reference 1). In an effort to develop a suitable control for the
transonic-speed range, several lateral-control devices and various
ailleron modifications were investigated by the transonic-bump method
(references 2 and 3), and in flight using the rocket-model technique
(reference 4). Modifications made to the alleron included flattening
the sldes of the circular-arc profile and increasing the tralling-edge
thickness of the alleron. The flat-sided ailerons with thickened trailing
edges eliminated the roll reversal in the transonic range.

Some of the controls developed were also investigated at a Mach
number of 1.9 in the Langley $- by 12-inch supersocnic blowdown tunnel
(references 5, 6, and 7). The results at this Mach mumber indicated
positive rolling effectiveness for all ailerons tested with the thickened
trailing-edge profiles showing some increase in effectiveness over that
of the circular-arc profile. )

The damping-in-roll characteristics of the wing in the transonic
range and at a Mach number of 1.9 were reported in reference 8. In
addition, some subsonic characteristics of the circular-arc profile
alleron have been obtalned from tests of a complete model in the langley
300 MPH 7- by 10-foot tunnel and are reported in reference 9. .

The present paper contains the results of an investigation conducted
at Mach numbers of 1.40 and 1.59 in the Langley 4- by L-foot supersonic
tunnel to determine the characterlstics of a complete model equipped with
various aillerons, the circular-arc profile and three flat-sided ailerons
having ratios of trailing-edge thickness to hinge-line thickness of 0, o
0.5, and 1.0. These results include six-component measurements for the
complete model as well as aileron hinge-moment measurements. For com-
parison, theoretical estimates of some of the aileron characteristics™
are included.
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SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moments. The date are referred to the stgbility axes
system (fig. 1) with the reference center of gravity at 25 percent of
the mean serodynamic chord (see fig. 2).

The coefficlents and symbols are defined as follows:

Cr, 1ift coefficlent (Lift/qS where Lift = -Z)

Cp drag coefficient (Drag/qS where Drag = -X)

Cy lateral-force coefficient (¥/gS)

C3 rolling-moment coefficient (L/qSb)

Cm pitching-moment coefficient (M'/qSC)

Cn yawing-moment coefficient (N/gSb)

Ch hinge-moment coefficient (H/2qMg)

Z force along Z-axls, pounds

X force along X-axls, pounds

Y force along Y-axis, pounds

L moment sgbout X-axis, pound-feet

M moment about Y-axls, pound-feet

N moment about Z-axis, pound-feet

H "aileron hinge moment ebout hinge line, pound-feet
q free-stream dynemic pressure, pounds per sguare foot (%pvé§
S total wing ares, square feet

b wing span, feet

wmho

" wing mean aserodynamic chord, feet

01
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My moment area of the aileron about hinge line -

pb/2V wing-tip helix angle generated by wing tip in roll, radlans

P rolling angular velocity, radians per second

v free-stream airspeed, feet per second -

p ' mass density of air, slugs per cublc feet _ _ L

c airfoil-sectlon chord; feet - - : -
¥y distance slong wing span, feet-

a angle of attack of fuselage center line, degrees ' B

angle of yaw, degrees : -

[ tralling-edge angle of alleron in free-stream direction, degrees
i¢ stabllizer incidence angle with respect to fuselage center .
line, degrees - S —
Ba alleron deflection in free-stream direction, degrees . e
t ratio of alleron trailling-edge thickness to hinge-line ’H
thickness e,
Cz8 rate of change of rolling-moment coefficient with aileron
deflection (3C3y/d8g)
Ch8 rate of change of hinge-moment coefficient with aileron
deflection (3Cp/38g)
Cny, =~ = rate of change of hinge-moment coefficient with angle of
attack (9Cp/dx)
Crs rate of change of 1ift coefficiegy with aileron deflection B
(X 1./08a)
Cm6 rate of chenge of pitching-moment coefficient with asileron
deflection (3Cp/d%g)
BCm/BCL rate of change of pitchimg-moment coefficient with 1lift
coefficlent
M free-stream Mach number = (V/a)

conrT——
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a speed of sound in free air

CIg trim-1lift-curve slope

CZP demping-in-roll factor (BCZ/ng)
Subscript:

R right aileron .

MODEL AND APPARATUS

A three-view drawing of the model is shown in figure 2 and the
geometric characteristics are presented in taeble I. The model had a
wing sweptback 40° at the gquarter-chord line, aspect ratio 4, taper
ratio 0.5, and 10-percent-thick circular-arc sections normal to the
quarter-chord line. The wing was at a 3° incidence angle with respect
tc the fuselage center line and had 3° geometric dihedral. Measurements
indicated the right-wing tip to be twisted 0.2° with respect to the
left-wing tip. The fuselage and canopy coordinates are given in
reference 10.

The four ailleron profiles investigated (see fig. 3) included a true-
contour (circular-arc) and three flat-sided ailerons having ratios of
trailing-edge thickness to hinge-line thickness of O, 0.5, and 1.0. The
ailerons had chords 20 percent of the wing chord and were located on the
outboard 50 percent of the wing semispans.

The model was mounted on a sting support (see fig. 4) ‘and its angle
in the horizontal plane was remotely controlled in such a manner that the
model remained essentially in the center of the test section. With the
model rotated 90° (wings horizontal), the angle-of-attack mechanism was
used to provide angles of yaw.

The stabillizer angle could be remotely controlled by meeans of an
electric motor mounted within the fuselage of the model. The aileron,
deflectlons were set manually. ; '

Forces and moments on the model were mesassured by means of a six-
component strain-gage balance housed within the model. A separate strain-
gage balance was mounted on the right ailleron for the determination of
the alleron hinge moments.

The tests were conducted in the Langley 4- by L-foot supersonic
tunnel which.,is described in reference 10.

I!!!!E!!!!Eﬁ!’?;
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TESTS

Test Conditilions

The test conditions are summerized in the following teble:

Stagnation| Stagnation Dynamic ’
Mach pressure temperature Dewpolnt pressure Reynolds numger
number (atm) (°F) (°F) (1b/sq ft) (based on ¢)
1.59 0.25 110 =35 223 575, 000
1.40 .25 110 -30 229 600, 000

Calibration data for the Mach number 1.59 nozzle are presented in
reference 10 and for the Mach number 1.40 nozzle in reference 11.

Corrections and Accuracy

No corrections due to sting interference were gpplied to the data.
The exact magnitude of the sting effects is not known though it is
believed to be small (see reference 12).

Base-pressure measurements at a Mach nutber of 1.59 indicated that,
1f free-sgtream static pressure is assumed to exist at the base of the
model, then the drag data presented would be reduced by approximately
1 percent in the angle-of-attack range from 4° to lO°, wilth no correction
necessary in the lower angle range. :

Optical measurements of the wing twist under load (8g = O)
indicated twists of less than 0.05° and hence no corrections for aero-
elastic effects were made. No measurements were made of the wing twist
with the alleron deflected.

The maximum uncertainties in the aerodynamic coefficlents are of
the order indicated .in the following table:
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Coefficient Rendom balance- Balance-system and
system errors tunnel errors combined
CL +0.0010 +0.0043
Cp +.00025 +.0023
Cy +.0010 +.0019
Cm . Z.oo0k5 +.001k
Cn +.00011 . "1.00015
C1 +.00006 *, 000099
Ch t.0028 t,0031

A more complete analysis of the balance-system accuracy is presented
in reference 13. :

The accuracy of ghe angle of attack was gbout 10.050, the tail
incidence ebout ¥0.10°, the asileron deflection about f0.05°, and the

dynamic pressure about 0.25 percent.

Because of the small magnitude of the flow gradients in the vicinity
of the model (references 10 and 11), no corrections for these effects
have been made. Tests of the model in the horizontel and vertical planes

showed good agreement.

Test Procedure

A1l four alleron profiles were investigated at M = 1.59 but
only the circular-arc and + = 0.5 profiles were investigated at
M = 1.40. The alleron tests covered an angle-of-attack range from -k
to 10° with aileron deflections from -15° to 15° with the exception of
the circular-arc profile at M = 1.40 vwhere only positive deflections
were tested. The right aileron only was deflected for all tests with
the left alleron fixed at zero deflection.

In addition, tests were made through an angle-of-yew range from -10°
t0 10° et a = 0° and M = 1.59 for the model equipped with each of

the flat-sided ailerons (da = 0°).
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RESULTS AND DISCUSSION

Présentation of Data _

The aerodynemic characteristics in pitch for the model with'various
aileron profiles at 85 = 0° are given in figures 5 and 6 for Mach
numbers of 1.59 and 1.40, respectively. The variation of the 1ift,
drag, and pitching-moment coefficlents with alleron deflection at the
angle of attack for zero 1lift 1s presented in flgure 7.

The effects of the three flat-sided ailerons on the lateral
characteristics in waw for the model at o = 0° and Bg = 0° are
presented in figure 8 for M = 1.59.

: The effect of alleron deflection on the rolling-moment, yawing-
moment, and alleron hinge-moment coefficients through an angle-of-
attack range for the various profiles is given in figures 9 and 10
for M = 1.59 and 1.L40, respectively. The variation of the rolling-
moment and alleron hinge-moment coefficlents with aileron deflection
at the angle of attack for zero 1lift is presented in figure 11. The

effects of profile on the rolling effectiveness 2%[22 through & Mach
a
number range as obtalned from various sources are presented in figure 12.

Some of the pertinent aserodynamic characteristics are presented as
g function of trailing-edge angle in figure 13. The selection of the
trailing-edge angle as a basls of comparison may be somewhat hypothetical
inesmuch as the direct effects of the trailling-edge angle, the ailleron
thickness, and the alleron-surface curvature cannot be isclated. 1In
this figure, a falred line is shown for the M = 1.59 results but,
since only two profiles were tested at M = 1.40, only the points are
shown. The faired line is solld from the +t = 1.0 profile to the
t = 0 profile since these allerons had flat sides and represented
systematic increases in trailling-edge angle and decreases in profile
thickness. The line between the t = O alleron and the circular-arc
alleron 1s dashed since this change results in an increase in trailing-
edge angle as well as an increase in profile-thickness distriBution.
The slopes presented in figure 13 were obtained at the angle of attack
for zero 1lift. : o T .

The varlation of Cj3y5 and Chpy with angle of attack for both Mach

numbers is shown in figure 14 together with the theoretical estimates.
A comparison between the experimental and theoretical values of Crg»

CZS’ Ch6 as a function of tralling-edge angle is shown in figure 15.
The theoretical values presented on these figures were obtained by

SRlEIRRNELAL
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determining the linear three-dimensional control-surface characteristics
by the method of reference 14 and then spplying a thickness correction
factor. (See table II.) The correction factors at M = 1.59 for all
except the + = 1.0 profile were obtained by the use of reference 15
and were applied in the same manner as that used in reference 6. This
procedure involves the assumption that the thickness effects on the
ailleron characteristics are the same for the conical-flow regioas as for
the two-dimensional-flow regions. In addition, the theory of refer-
ence 15 1s 1limited to conditions where the leading-edge shock wave ig
attached, whereas for the present model the leading-edge shock wave is
detached at both Mach numbers and for all angles of attack. The presence
of this detached shock was neglected in the theoretical calculations.
The method of reference 15 is not considered applicable for Mach number
components normal to the control-surface leading edge of less than 1.3
or for profiles having parallel sides. For these conditions (M = 1.40
and t = 1.0 profile) it was arbitrarily assumed that local sonic
veloclity occurred very near the leading edge of the wing and the cal-
culations for the correction factors were obtained by means of the
oblique-shock equations and the isentroplc expasnsion and compression
equations. The assumption that local sonic velocity occurred near the
leading edge appears reasonsble since, because of the detached shock, a
region of subsonic flow exists Just shead of the leading edge that must
accelerste to a low supersonlc veloclty as it passes over the airfoil
noge. Thisg effect was noted 1n connection with the wing-pressure
messurements presented in reference 16.

Longitudinal Characterigtics

The basic longitudinal data for the model with the various aileron
profiles at 8g = 0° (figs. 5 and 6) show no unusual trends.

The variation of 1ift, drag, and pltching-moment coeffilcients with
aileron deflection (fig. 7) was obtained by cross-plotting from the basic
data for the various alleron deflections at the angle of attack for zero
11ft (approximately -2.4° for each configuration). 1In the case of
pltching moments, the curves were shifted to show Cp =0 at By = 0°
so that the results for the various profiles might be more readily
compared. The 1ift, drag, end piitchlng-moment trends inrdicated in
figure T apply to the complete model with both ailerons deflected in the
same directilon in the manner of longitudinal-control devices.

In general, the variations of the 1ift and pitching-moment coeffi-
cients with alleron deflection are falrly linear, especially through the
deflection range of about #6°.  The clrcular-arc eand t = O profiles
appear to be relatively ineffective in producing 1ift or pitching moment.
In particular, the 1lift effectiveness of the circular-arc-profile aileron
is quite low at M = 1.40 and is about zero at M = 1.59. This

VRARENR
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lneffectiveness might be expected inasmuch as pressure measurements of

the wing with circular-arc sections (reference 16 for M = 1.59 and _
unpublished results for M = 1.40) indicate separation to exist over . .
the outboard, trailing-edge section of the wing. Increasing the thick-
ness of the aileron trailing edge (t = 0.5 and t = 1.0 profiles)
resulted in slightly higher 1ift and pitching-moment effectiveness. The
1ift and pitching-moment effectiveness for each profile was constant
through the angle-of-attack range investigated.

There is an Increase in the drag coefficients with aileron
deflection that is slightly greater for positive deflections and for
the ailerons with thickened tralling edges. . _

The sumery of the longitudinal characteristics as a function of
the trailing-edge angle (fig. 13) shows little change in the lift-curve
slope or the drag. There is a general trend toward higher 1ift and
pitch effectiveness and higher static longitudinal stabillity as the
trailing-edge angle is decreased. This higher effectiveness and
stabllity probebly results from a léssening of the separation effects
over the outboard tralling-edge section of the wing.

Lateral Characteristics

The effects of alleron profile on the lateral characteristics in
yaw (fig. 8) are small with the possible exception of the rolling-
moment variation where the ailerons with thickened trailing edges .
indicate greater rolling moments due to yaw. This effect might be
expected as a result of improved flow conditions over ‘the outboard
section of the wing. '

Alleron-Control Characteristics !

_ The variation of the rolling-moment and hinge-moment coefficients
with angle of attack (figs. 9 and 10) is slightly nonlinear for the
circular-arc and t = O profiles, particularly for the negative deflec-
tlons. This condition i1s probably a result of the separation effects,
which, as already polnted out, occur over the rear section of the
circular-arc ailrfoil and probably occur over the t = O profile. The
nonlinearity of the hinge-moment curves for small angles of attack and
small deflection angles is similar to the low-speed characteristics of
allerons having large trailing-edge angles (reference 17). The slope

of the curve of hinge-moment coefficient against angle of attack (C

for the circular-arc and t = 0 profiles reverses in the region near
zero 11ft (a ® -2.4°%, 85 = 0°). A tendency toward reduced aileron.
effectiveness for the small deflections is also evident near zero 1lift.

: :
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The effect of reducing the trailing-edge angle by increasing the
trailing-edge thickness of the alleron to 0.5 and 1.0 times the hinge-
line thickness was to eliminate the nonlinesrity of the rolling-moment
and hinge-moment curves and to eliminate the tendency toward roll
reversal at small angles of attack and smell deflections.

The negative rolling moments occurring for &g = 0° at M=1.k0
(fig. 10) can be attributed to the slight twist of the wing. At
M = 1.59 (fig. 9) the effects of the twist appear to be counteracted by
flow angularities in the region of the wing tips.

The adverse yawing moment produced by aileron deflection (figs. 9
and 10) is about the same as that cbtained at low speeds for a similar
configuration (reference 9). Changes in the aileron profile had little
effect on the adverse yaw.

The variation of the rolling-moment and hinge-moment coefficients
with alleron deflectlon at the angle of attack for zero 1lift 1s presented
in flgure 11. As = consequence of the asymmetry indicated for the
M = 1.40 data, the results presented in figure 11 for this Mach number
have been shifted to show C; =0 and Cp =0 at &g = 0°. The
results on this figure apply to the complete model with only the right
alleron deflected. ” ’

The nonlinearity of the rolling-moment and hinge-moment coefficlents
for small aslleron deflections for the circular-arc and +t = 0 profiles
is apparent in figure 11. From an exemination of figures 9, 10, and 1k,
1t can be seen that the nonlinearity for small deflections disappears
for angles of attack above about 4° and the variations of rolling-moment
and hinge-moment coefficients with asileron deflection Cjiy and Chs
become sbout constant and are slightly higher than the values near zero
1ift. As the positive angle of attack 1s increased, however, the reglons
of nonlinearity in the curves of rolling moment and hinge moment tend to
shift toward the higher negative deflections (see fig. 9). Similar
veriations in both Cj5 and Chy are indicated for the circular-arc
and t =0 profiles. Changing the profile to t =0.5 and t = 1.0
removed the nonlinearity et small deflections and increased the wvalues
of both 025 and Cha' The t© = 1.0 profile showed only slight

improvement over that shown by the +t = 0.5 profile.

The results near zero lift are summarized in figure 13 where 025’
Ch&’ and Ch@ are presented as a function of the trailing-edge angle.

Similar trends are indicated for the two Mach numbers although each of
the parameters have higher values at M = 1.40.
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The rolling effectiveness E%ng for the varioué profiles is
o S

presented in figure 12 for a Mach number range up to 1.90. The low-
speed value (M = 0.16) was obtained from reference 9 by using a value
for the damping in roll CzP ohtained from reference 18. The transonic
results (falred lines) were obtalned from free-flight tests of rolling
rocket models (reference 4). The results at M = 1.40 and 1.59 were
obtained from the present tests and those at M = 1.90 were obtailned
from reference 7, in each case, by using values of C} obtained from
charts presented in reference 19. None of the tunnel results was
corrected to account for the effects of adverse yaw or Wing twist that
may occur on a free-rolllng wing.

The variation of'-Egggz with Mach number (fig. 12) indicates a
a —

large reduction in effectiveness beginning at a Mach number of ebout 0.8.

The results of the rocket-model tests show the reversal obtained for the

circular-arc profile near M = 0.95 and the improvement obtained with

the t = 0.5 and t = 1.0 profille.

Comparison with Theory

The values of CZS and Ch6 obtained experimentally are, in

general, somewhat lower than those obtained theoretically (fig. 1k4).

This result might be expected inssmuch as the theoretical values neglect
the boundary-layer and separation effects as well as any detached shock
effects. The effects of separation on the aileron characteristics mey
be influenced by the Reynolds number although the results of an investi-
gation of a 63° sweptback wing (reference 20) indicated little effect
of Reynolds number on the characteristics of en outboard tralling-edge
flap. The variation of the theoretical values of Cjg, Chy, and Cig
with trailing-edge angle (fig. 15) is similar to that shown by the _
experimental values and indicates that the thickness correction factors
are reasonsble. The experimental and theoretical values of Cry are in
good agreement although the experimental values of aileron effectiveness
CZS are somewhat lower than the theoretical values. This effect

might also be attributed to separation near the tip which would result
in the aileron center of 1lift being farther inboard than predicted by

theory.

CONCLUSIONS
The results of the investigetion conducted at Mach numbers of 1.40
and 1.59 to determine the effects of alleron profile on the aerodynemic.

(ST E— .
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characteristics of a complete model of a supersonic aircraft configu-
ration indicated low alleron effectiveness for the circular-arc-profile
alleron and the flat-sided alleron having a ratio of trailing-edge
thickness to hinge-line thickness t of 0. Increasing the trailing-
edge thickness of the aileron (t = 0.5 and 1.0) resulted in Increased
aileron effectiveness and higher alleron hinge moments with only a
slight increase in drag.

The aileron lift effectiveness CL6 was in reasonebly good
agreement with theory although the variations of rolling- and hinge-
moment coefficients with eileron deflection, CZB and Ch&’ were, in
general, somevwhat less than that predicted by theory. The variation
of Cyg5s Chg» and Crg with treiling-edge angle for the various
aileron profiles sgreed well with the theoreticel results.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronsutics
Langley Field, Va.
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TABIE I

GEOMETRIC CHARACTERISTICS OF MODEL

Wing:
Area, 8g ft . . ¢ « ¢ . o 0 0 e 0 e e e a0 e e .
Span, £t ¢« ¢« ¢« ¢ s v 0 e h e e e s e e e e s
Agpect ratio . . . : .« e s e e
Sweepback of quarter-chord 11ne, deg « . e .
Teper ratio . . . . e e e . v e e e e e

Mean aerodynemic chord, ft « s e
Airfoil section normel to

quarter-chord line . . . . . . . . .lO-percent-thick,

Twist, deg .« « « « ¢ v ¢« ¢ ¢ o e 4 e . e e s
Dihedral, dA€g .« + « « + o & o o s o s o o o & o
Incidence, @88 .« « « « & o & o« & o o o o 2 e 4

Horizontal tail:
Ares, sq i T

Span, £5 . . . ¢ . 0 0 0 e e e e e e e e
Aspect ratio . . . . « o e
Sweepback of quarter-chord line, deg « e
Taper ratio . . . . . « . . . . « e e

Alrfoill sectionn .« « « ¢ ¢ ¢ & o ¢« 4 e s e s e

Verticel tall:
Area (exposed), sq ft . . . . . . . e e
Aspect ratioc (based on exposed area and span) ..
Sweepback of leading edge, deg s s e s e s e e e
Taper ratio . . ... . . . et s e e e e e
Alrfoll section, root c e s e e e e e s e e e s s
Airfoill section, tip . . « ¢« « ¢« « .« &

Fuselsage:
Fineness ratio (neglecting canoples) . . . . .

Miscellaneous: _ -
Tail length from c/4 wing to ct/b +tall, £t .
Tail height, wing semispans sbove fuselage center

line

17

.. 1.1%8
. . 2.155
A 1t
... Lko
.« . 0.5
. . 0.557

circular-arc

. . 0
« « 3
.+ 3

. . 0.196
. 0.855

. .3.72

. . ko

. 0.5

: NACA-65 008

... 072
. o e WLJAT
. . .40.6
e -« » 0.337
. NACA 27-010
. NACA 27-008
c ... 9.k
. . 0.917
. . 0.153
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TABIE IT

THEORETICAL CONTROL-SURFACE CHARACTERISTICS

(a) ¥ = 1.ko.
Profile Circular arc t=0 t.= 0.5 t=1.0
Iinesr theory | -0.0320 | -0.001% | 0.0036 | -0.0320 | -0.002k | 0.0036 [ -0.0320 | -0.001% | 0.0036 [-0.0320 | -0.001% | 0.0036
Correction 200 2al; 20l kA2 hava hna 1 WEl, £k win =£a o
factor [s1er < 77 o7 D - i) e o ¥ ] » T = SPUeT Ll it [ ¢} 77 « R0
Carrected -.0122 | -.00055( .oonk{ -.0129| -.000%6| .o015| -.o1ko| -.00065| .oo17 | -.01827 -.00080| .o02
solution _
. (b) M = 1.59. *
’ 4
| ! . ! !
Profile Circular arc t=0 t = 0.5 t =1.0
Condition “hg 1y °ry | “ng “ig “Lg | “ng “15 C1a | ‘my “15 “Lg
Linear theory | -0.0227 | ~0.00097 [ 0.0026 | -0.0827 | ~0.00097 | 0.0026 | -0.0227 | ~0.00097 | 0.0026 -0.0227: | -0.00097 | 0.0026 |
°°$§§i°’“ hed -178 b8 b7 AT Lt ST -Th .Th .816 .B16 .Bi16 E
c ted >
orrectoe
aoTatlon -~ 0097 | -.00046]| .0012| -.0108| -.00046] .0012]-0.0168 | -.00072] .0019 | -.0186| -.00079| .0021L §
a
| i
L] L]
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Relative wind

Relative wind

View A-A

Figure 1l.- System of stability axes. Arrows indicate positive values.
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Figure 3.- Details of aileron installation.
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Figure 4.- Complete model of aircraft mounted lu the Langley h- by U-Ffoot
gupersonic tunnel.
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(b) Mounted for yaw tests. o = 0%

Figure 4.- Concluded.
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Cirevlar arc

0 0
—Chg <
Crp 0 ——+ ——— A e e e e ———
0008 02 -
t=0
0 -0
—1 Chg
Q-0 ——t—— 41— 0/ === e
-0008 -02
=05
0 0
Ch
Q04— -0/
B e i i Y2y 3 S R R
=10
07 -0
| Crg
C);-0004 R —E
N-Experiment— ——
08—t SRV )Y e o i
e \iTh ory 02
-4 0 4 8 2 4 0. 4 8 12
Angle of attack, cx,deg .. Angle of attack,cx,deg
(a) M =1.59.
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